
I 

DATE: June  1 6  , 1967 
\ j  

;zox: J. Z .  xen$rd l  
I 

SUaJECT: T r a n s m i t t a l  o f  Bell Teicp%one 
L a b o r a t c r i e s  i'4ernoranduE on 
N o d i f l c a t i o n s  t o  t he  Voice 
Conferencing Arrangements a t  KSC 

' Case 3 2 0  1 

\\ 

Mr. 11. E.  Parsons - KASA/PIJ :  

The B e l l  TelerJhonz Laboyato-les has p-;.e?z.recl t h e  t7:o 
a t t a c h e d  memoranda whlch conta.cn (1) z w r i t t e n  descr2pkion  of  
their sugges ted  p l a n  f o r  conve r t ing  c r i t i c a l  l aunch  c i r c u i t s  
frotn 2-wire to 4-wire i n  t h e  Ois().,) conference  c i r c u i t s  a t  x( sC  
and ( 2 )  a d e s c r i p t i o n  of  t h e  i m p l i c a t i o n  of  t h e  more e f f i c i e n t  
headse t  t r c n s d u c e r s  used  i r ,  (1) o n  t h e  2-wire p o r t i o n  of  the  

s y s t e z .  This m a t e r i n l  supp lexen t s  t k t  vhic?  F ~ S  g iven  
i n  t h e  o r i g i n a l  oral r e p o r t  b y  BTL on May 3,  1967 i n  Holmdel, 
New J e r s e y .  
i n  t h e s e  combined memoranda L o  pern5.t I i z p l z a z n t ~ t i ~ n  nf t.he 
sugges ted  system b y  a competent c o n t r a c t o r .  

. 

It; i s  o u r  opin ion  tnat suffic:e:it i 2 t z i l  I s  i z c l u d e d  

After you have had the op?or tun i ty  'LO r e v i e w ' t h e  
material  i n  t h e  attLchments,  w e  w l l l  ho id  a rneetlng a t  BTI,, 
Holmdel, New'Jersey to r e v i e w  your comments and q u e s t i o n s .  
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Genera l  

A t  t h e  p r e s e n t  t i m e  2-wire confe renc ing  az rangemmts  ar-2 used 
e x t e n s i v e l y  at t h e  Kennedy Space Cen te r .  These are i l l u s t r a t e d  
i n  F i g u r e  1. E3ellcomin r e c e n t l y  r e q u e s t e d  t h e  B e l l  L a b o r a t o r i e s  
t o  o u t l i n e  a p l a n  f o r  p rov id ing  nore r e l i a b l e  arrang;en;,.nts Tor  
certai .n c r i t i c a l  c i r c u i t s .  T h i s  menorandurn d t ; s c r Ib?s  a p l a n  
sui.tab1.e for improving t h z s e  c ~ i t i c a l .  con fe rencs  c i r c u i t s .  
The s e c t i o n s  t h a t  follow suggest t h o s e  t h i n g s  s.:hi.ch should  be eoi-,c for  +L.? nn-n f - i  o , , l  ZI. n l a n  blll.s V-LUUILI =&--. t.n . S I - I C . C . F ~ C ~  in the evcnt  thht  it 
is s c l e c t c d  by t hose  responsible f o r  implemznt?~tioi-l. 

The p l a n  i s  based on the use of +-wire, Iiri2jedapce b u s  bar 
t e c h n i q u e s  for the more c r i t T c a l  confeTences.  Two-xi re  opera-  
t i o n  i s  r e t a h e d  f o r  t h e  l e s s  c r i t i c a l  eonfe renccs .  -Sta,t ; ion- . .  . .. - 

operat i .on for both t h e  2-wire and 4--wii-e c i r c u i t s  i s - ' t h e  saKe 
as  a t  p r e s e n t .  

The sugges ted  me'iho.", fo-; pr 'cvFding c - -x i r% confe renc ing  uses 
a low impedance 4-wir2 bus bsr a ~ ~ a i g e n ~ n t .  The gsneral 
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I ,  
I l a y o u t  of t h i s  arrangsinent, which per in i t s  c o n f e r e n c i n g  many, 

s h o r t - h a u l  &wire circu-Lts ,  i s  i l l u s t r a t e d  i n  F i g u r e  3. The i 
b r i d g e  c o n s i s t s  or" low i m p d a n c e  trmsrnit and r e c e i v e  buszs  1 

i n t e r c o n n e c t e d  w i t h  two p a r a a l l e l  a m p l i f i e r s ,  (A) and ( B )  , t o  
p r o v i d e  t a l k i n g  c a p a b i l i t y  between the  buses , .  Each a r e a *  of 
t h e  complex i s  connected t o  t h e  buses  through i s o l a t j - n g  
resistors as i n d i c a t e d .  Within t h e s e  areas, t h z r e  a r e  p a t c h  
d i s t r i b u t o r s  (P/D) from which t h e  c i r c u i t s  branch  o u t  t h rough  
a d d i t i o n a l  i s o l . a t i n g  res is tors  t o  t h e  s e v e r a l  s t a t i o n s  con- 
nectcd t o  each  b ranch .  

Any s t a t i o n  connected to t h e  t r a . n s m i t  bus i s  able  t o  ta lk  to 
any o t h e r  s t a t i o n  connected t o  t h e  r e c z i v e  b u s  t h rough  a n p l i -  
f i e r  ( A )  o r  (E). For example, speech from sta. tTon 1 w i l l  be  
i;rarisrri:ittec: t h r ~ ~ g h  amplifiers 1 \ - - /  A 1 and (R) t o  r e c e i v e r s  of 
s t a t i - o n s  I-, 2, 3, e t c .  S i m i l a r l y  anyope e l s e  t a l k i n g  i n t o  a 
microphone connzcted t o  t h e  transrcit; b u s  w i l i  be h s a d  on ariy 

c e i v e r  of a s t a t i o n  i s  a l s o  t r a n s m i t t e d  through br.iclg:e ampli- 
f i e r s  ( A )  and ( B ) .  Thus, t h e  s i d e t o n e  of ain ave rage  t a l k e r  
i s  at t h e  same l e v e l  a s  the  speech r e c e i v t d  from o t h e r  a v c r -  
age  t a l . k e r s .  'dith t h i s  method of p r o v i d i n g  s id . s tone ,  t h e  
round t r i p  d e h y  betwezn the  microphone and i t-s  own r e c e i v e r  
should  n o t  be more than about  15 m i l l l s z c o n d s .  T h i s  i s  w s l l  
w i t h i n  t h e  d e l z y s  x p e c t e d  a t  any on-base i n s t a l l a t i o n .  

receTver  con;?ected t o  the rcczj-ve bus. Sldetoriz I W I  cnvr '-hn U l l L  re-- 

When S O I i l e O n e  t a l k s  on t h e  bus  bar b r i d g e ,  h i s  speech  w i l l .  
also be  t r a n s m i t t e d  through arnpl l - f ier  . ( C )  t o  t h e  Ll-vi5.re h:i% 
b r i d g e  f o r  t ransmiss i -on  t o  other pr imary  b r i d g e s  on t h e  b a s e  
and t o  off -base l o c a t i o n s .  Sp2zch inconi5.ng from t h e  h-r,;.ire 
hub bridg,e which o r i g i n a t e s  a t  o t h e r  prir!iary b r i d g e s  and off- 
base  l o c a t i o n s  w i 3 . 1  bo t r a n s m i t t e d  through a r n p l i r i e r  (D.) a n d  
hea rd  by all listeners connected t o  t h e  r e c e i v e  b u s .  

I s o l a t i o n  resistors at the  bus b a r  and a t . b r a n c h i n g  p o i n t s ,  
i n  b o t h  t h e  t r a n s m i t  ar?d r e c e i v e  l e g s ,  a r e  used t o  miriini.ze 
any adve r se  zfr"ect  on t r a n s m i s s i o n  in c a s e  a s h o r t  c i r c u i t  
or a t r o u b l e  ground devzlops on a l i n e  i n t e r c o n n e c t i n g  t h e  
s t a t i o n s  I wfth the confe rence  b r i d g e  1 

I -- 

* An a r e a  i n c l u d e s  a l l  stations connected to thc? szz1-2 out -  
go ing  l eg  from the auc1i.o swi t ch  panel. .  

%.. 
", 
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I 1  Low impedance bus bars a r e  used for t h e  confe rence  b r i d g e  do I 
r educe  t r a n s m i s s i o n  l e v e l  changes to u n n o t i c e a b l e  ZJnounts as ' 1 
s t a t i o n s  a r z  conaec ted  t o  or removed f r o u  the c o n f e r m c e  
b r i d g e .  This makes i- i ,  unnecessary t o  p r o v i d e  i d l e  c i r c u i t  
t e r m i n a t i o n s .  

Two a m p l i f i e r s ,  ( A )  and ( B ) ,  are used  i n  p a r a l l e l  t o  p r e v e n t  
t o t a l  confe rence  f a i l u r e  i n  c a s e  one a m p l i f i e r  f a i l s .  Ampli- 
fier ( C )  p r o v i d e s  t r a n s m i s s i o n  toward t h e  &-wire hub b r i d g e ,  
and a m p l i f i e r  ( U )  p rov ides  t r a n s m i s s i o n  from t h e  ll-wire hub 
b r i d g e .  The i n p u t  impedance of a m p l i f i z r s  ( A ) ,  ( B ) ,  and ( C )  
i s  abou t  1.5 o h m  each, and, i n  p a r a l l e l ,  r e s u l t  i n  a t r a n s -  
m i t  bus  b a r  impedance of about  0.5 ohm.. 

I 

The outpu.ts of a m p l i . f i e r s  ( A ) ,  ( B ) ,  and (U) a r e  connec-i;eG I r i  
p a r a l l e l  and tr;zrlsiiji.'i. l i l t 0  a vol t sge  divid-zr  c n n s i s t i n g  of 

p a r a l l e l .  The r e c e i v e  bus irnp?da.nce t h u s  i s  l e a s  t h a n  0 .5  
ohm, because,  i n  a d d i t i o n  t o  t h e  two p a r a l l e l  l . 0  ohrn re -  
sistors, t h r e c  arnpl j - f ier  ou tpu t  t r ans fo rmzrs  ( a b o u t  l . 6  ohins 
each )  arid t h e  s e r i . e s  1.47 ohm r e s i s t o r s  are b r idged  a c r o s s  
thein: The e f , f e c t  of t h e  impedance of the s t a t i o n s  and i so -  
l a t i - n g  r e s i s t o r s  i s  n e g l i g i b l e .  Each a m p l i f i e r  i s  t h e r e f o r e  
. f e e d i n g  a load. of abou t  3.4 ohms. Vol tage  d i v i d e r s  a r e  us sd  
t o  p rov ide  a low impedance bus and t h e  p r o p e r  t r a n s m i s s i o n  
l e v e l  t o  t h e  r e c e i v e  arrplif 3.21-s . All ser ies  resistors a l s o  
a c t  as i s o l - a t i n g  r e s j - s t o r s  to minirrkze adve r se  e f f e c t s  i f  a 
t r o u b l e  condS.tion develops i.n an ampli .-fier.  

To o b t a i n  t h e  maxfmum signal t o  noise r a t i o  a t  t h e  o u t p u t  of  
t h e  ampl- i f ie r ,  it shou1.a'. b e  o p a r a t e d  a t  t h e  h i g h e s t  avai . lEble  
0u.tpu.t. To p r o v i d e  p r a p e r  r s c e i v e r  ou tpu t ,  t h e  v o l t a g e -  
d i v i d e r s ,  as expla.ined above,.  are used  t o  f u r n i s h  t h e  c o r r e c t  
l e v e l  t o  t h e  h e a d s e t  r e c e i v e r  a tnp l i - f i e r s .  

The output of amp.!.ifier ( C )  and t h e  input '  of a r c p l i f i e r  ( D )  are 
600 ohm, s i n c e  t h e y  connect  to t h e  600 ohm legs o f  the 4.-wire 
hub b r i d g e .  * 

C o n s i d e r a t i o n  h s s  been g iven  t o  p r o v i d i n g  a pr imary  b r i d g e  
a t  the 4.-wire hub b r i d g e  1ocat i .ons and secondary b r i d g e s  at 
t h e  launch  cor;?.ple:tes ar?d i q  o t h e r  bu i ld i .ngs  r e q u i r i n g  &-!.!ire 
c o n f e r z n c i n g .  3o:.ever, th5.s would not be  as d e s i r a b l e  from 

two seyfLes 1. -I 117 t (  ~ p ~ i ~  - . - - c i c+ -n r  L.u-.v s m c !  t.!h!o l = O  ohm rz s i . s to i - s  i n  

t 

f 
' 

r: 
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a system r e l k b i l i t y  s t a n d p i n t  a s  providi-ng pririlary br i -dges 
a t  t h e s e  l o c a t i o n s .  With t h i s  arrangement ,  a csmplex may 
o p e r a t e  i n d i v i d u a l l y  i n  the  even t  of c a b l e  f a i l w e .  I f  
d e s i r e d ,  i t  i s  a l s o  p o s s i b l e  t o  p rov ide  p r o t e c t i o n  between 
complexes as d e s c r i b e d  l a t e r  and i l l u s t r a t e d  i n  F i g u r e  5. 
Secondary Bus Bar Conference Bridge -- - 

When the  low impedance bus bar i s  extended t6 a n o t h e r  bu.ild- 
j ag  ( f o r  example , t h e  AGCS b u i l d i n g )  , a new bus b a r  should  
be e s t a b l i s h e d  et t h a t  l o c a t i o n .  A s  shown, t h e  secondary  
bus bar i s  se rved  by a m p l i f i e r s  (E)  and ( F ) .  For p r o t e c t i o n  
pu rposes  , t h e s e  a m p l i f i e r s  nay  be p a r a l - l e l e d  wi th  anotner  
s e t  of a m p l i f i e r s  i n  a manner simi.lar to t h a t  shovin f o r  
a m p l i f i e r s  (A) and (B) ( see  F igure  5 ) .  

A s  i l l u s t r a t e d  i n  F i g u r e  4, t h e  i n p u t  t o  a -mpl i f i e r  (E:) i s  
used t o  e s t a . b l i s h  t h e  low impedance t r a n s m i t  bus of t h e  
secondary  b r i d g e  i n  t h e  remDte b u i l d i n g .  The ou tpu t  of 
a m p l i f i e r .  (E)  i s  used to couple t h e  new transm-it  bus to t he  
p r imary  bus ba.r b r i d g e  through i s o l a t i n g  r e s i s t o r s .  The 
inpu-t  t o  ampl i f j - e r  (E’) i s  connected from t h e  pr imary r e c e i v e  
bus b a r  th rough i s o l a t i n g  r e s i s t o r s .  The o u t p u t  of a n p l i f i e r  
(E’) i.s t e rmina ted  i n  a vo l t age  d i v i d e r  t o  e s t ab l j - sh  a new low 
j-mpedance rec.eive bus i n  the  remote b u i l d i n g .  

Mhcn a n p n c  t a l k s  a t  t h e  secondary b r i d g e ,  t h e  speech  w i l l  
be t r a n s m i t t e d  through anipliTicr ( E ) ,  t h e n  through ampl . i f ie rs  
( A )  and (3) t o  t h e  primary r e c e i v e  b u s  and r e t u r n e d  to t h e  
secondary  b r i d g e  r e c e i v e  bus t h r o u g h  - a m p l i f i e r  (F) . The 
t a l k e r  w i l l  a l s o  r e c e i v e  h i . s  s i -de tone  th rough  t h e  saMe pz..th. 
H i s  speech w i l l  be t r a n s m i t t e d  o f f  complex through ampl . i f i e r  
( C )  t o  o t h e r  l o c a t i o n s .  

When a p a r t y  connected to t h e  pr imary  bus talks, hFs speech 
wi.1.1 be t r a n s m i t t e d  through the  ( A )  and (B) a m p l i f i e r s  and 
thr’aq$ t h e  (E’) a m p l i f i e r  to a l l  l i s t e n e r s  c j n n e c t e d  to t h e  
secondary  b r i d g e  r e c e i v e  bus.  When someone t a l k s  off‘ complex, 
his speech w i l l  corne throu.gh a m p l i f i e r s  (I)) and (F) and be 
hea rd  by all l i s t e n e r s  connected to t h e  seconda.ry r e c e i v e  bus.  

Ampi- i f ier  ( E ) ,  whose inpu t  i.mpedance i s  1 .5  o h m ,  i s  t e rmina ted  
i n  1.11-7 ohms. T h i s  p rov ides  a secondary  transm5.t bus i n p u t  
impedance less t han  1 ohm. ( I f  two a n i p l i f i e r s  are  cormected 
i n  parallel, t h i s  r e s i s t a n z e  should  be removed.) The o u t p u t  
impedance of z m p l i f i e r  ( E )  i s  600 ohms and f e e d s  the pr imary  
t r a n s m i t  bus through two 3GO ohn! i s o l a t i n g  r e s i s t o r s  locatecl  
at t he  pri-mary bus.  Am-plifiei- (2) , i n  .. . addj-tior1 . . - - - - -  - t o  making . . .  . up 
t h e  l o s s  Qf thi: low impedance %J.s, i s  . used - . - to . . r m ’ k !  up 

- 
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t h e  loss of t h e  c a b l e  betveen t h e  pr i rnmy and s e c m d a r y  
bridges. 

Ampl i f i e r  (F ) ,  whose inpu t  impedance is  600 ohms, i s  f e d  
from t h e  prirnary r e c e i v e  bus through two 300 ohm i s o l a t i n g  
r e s i s t o r s  l o c a t e d  a t  t h e  primary r e c e i v e  bus .  The 3.2 ohm 
o u t p u t  of' a m p l i f i e r  (F) f e e d s  t h e  low impedance secondary  
r e c e i v e  bus through t h e  v o l t e g e  d i v i d e r  c o n s i s t i n g  of two 
1.47 ohm r e s i s t o r s  and two 1 ohm load  r e s i s t o r s  i n  p a r a l l e l  

Feeding  t h e  S p a c e c r a f t  f r o m  the  Rridge 

We unders tand  t h a t  t h e  s p a c e c r a f t  communication system con- 
n e c t s  t o  t h e  conference  on a 2-wire b a s i s  and. t h e  speech 
l e v e l  f r o n  t h e  s p a c e c r a f t  i s  loi*ler t h a n  t h a t  r e c e i v e d  frm 
t h e  s t . a t i o n s .  Furthermore,  we unders tand  t h a t  t h e  space-  

' c r a f t  m u s t  be f u r n i s h e d  a h i g h e r  speech l e v e l  t h a n  i s  needed 
at  t h e  s t a t i o r i s .  

It i s  p o s s i b l e , a s  suggested be low, to  use  the  g a i n  of ampli-  
f i e r s  (E)  and (F)  to coinpenszte f o r  these d i f f e r e n t  l e v e l s .  
The 600 ohm i n p u t  of ( E )  a m p l i f i e r  can  be f e d  d i r e c t l y  
th rough  i s o l a t i n g  r e s i s t o r s  and p r o p e r  pa.?s from t h e  space-  
craft..  The ou tpu t  s i g n a l  to t h e  s p a c e c r a f t  can be t aken  off 
t h e  600 ohm o u t p u t  of  t h e  (F') amp]- i f ie r ,  u s i n g  t h e  p m p e r  
i s o l a t i n g  r e s i s t o r s  a.nd pads.  These pads w - i l l  have to be 
c a r e f u l l y  worked ou t  and the low im.ped.ance b u s  b a r  i n p u t  and 
o u t p u t  l e v e l s  p r o p e r l y  compensated f o r  t h e  e x t r a  3.oadi.ng. 

To take advantage of t h e s e  h i g h e r  l . eve l s ,  i t  w i l l  a l s o  be 
n e c e s s a r y  t h a t  t h e  r e t u r n  loss from t h e  spa . cec ra f t  be c o r -  
r e s p o n d i n g l y  i n c r e a s e d .  

A d d i t i o n a l  S e r v i c e  P r o t e c t i o n  

A s  i l l u s t r a t e d  i n  F i g u r e  5, i n  addLt ion  t o  p a r a l l e l i n g  t h e  
(A) .  and (B) ? ~ ~ i i p l i f i e r s ,  which i s  t h e  minimum sug:gested 
s e r v i c e  p r o t e c t i o n ,  i t  i s  p o s s i b l e  t o  pa. j ra l le l  a n i p l i f i e r s  ( E )  

be provided  f o r  t h e  secondary b r idge  to be pa tched  on an 
emergency b a s i s  i f  t h e  cab le  between- t h e  pr imary and s e c m d a r y  
b r i d g e s  shou ld  open i n a d v e r t e n t l y .  

\ and (3'). Furtlierrnore, a n  a d d i t i o n a l  t a l k - b a c k  a x p l i f i e r  may 

To p r o t e c t  t h e  system i f  the  c a b l e .  between a complex and t h e  
4-wire hub b r i d g ?  f g i l s ,  xi emergency p a t c h  arrzilgement 
cDuld be providect between ccmplexes as i l l u s t r z t e d  i n  F i g u r e  5. 

8 

"?*. 
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I_ Cabl ing  Layout - 

T o  unders tand  the  c a b l i n g  l a y o u t  i n  a. launch complex and 
t h e  sugges t ed  changes tha t  w i l l  be r e q u i r e d  when a conference  
c i r c u i t  is  changed from 2-wire t o  =!!-wire o p e r a t i o n ,  a b r i e f  
review w i l l  be made of t h e  p r e s e n t  c a b l i n g  l a y o u t .  T h i s  l a y -  
o u t  is i l l u s t r a t e d  i n  F igure  6 ,  which g i v e s  an  o u t l i n e  of 
t h e  arrangements  i n  Launch Complex 34 (LC34) .. The confe rence  
c i r c u i t s  e n t e r  t h e  blockhouse from the  4-wire b r i d g e  on a 
&-wire basis.  A t  t h i s  p o i n t ,  each t e r m i n a t e s  i n  send and 
r e c e i v e  ( A I A )  . z m p l i f i e r s  and a voice  ope ra t ed  s w i t c h  (VOX) 
which i s  used t o  c c n v e r t  the  c i r c u i t  t o  2-wire o p e r a t i o n .  
There  are b2 of t h e s e  2-wire c i r c u i t s  which e n t e r  t he  b lock-  
house and a r e  extended thr3ugh t h e  aud io  svii tch p a n e l s  (ASF). 
I n  each of t h e s e  u n i t s  t h e r e  a r e  keys which are used t o  i s o -  
l a te  t h e  i n d i v i d u a l  conference c i r c u i t s  as Sney 'ur-arich ou t  
i n t o  e ight  a r e z s  wi,thir, t h e  ccmplex. From the (ASPS) the  
zonfercnce c i r c u i t s  8x-e c a r r i e d  through p a t c h  d i s t r i b u t o r  
(P/D) u n i t s  as ind i - ca t ed .  E i g h t  s t a t i o n  branches ,-)c each  con- 
t a i n i n g  a c a b l e  f o r  twenty-one 2-wire conference  c i r c u i t s ,  
emanate from each P/D u n i t .  

Each one or the  11-2 conference  c i r c u i t s  appears  i n  p i n  j a c k s  
i n  t h e  P/D u n i t .  These permit. pa t ch ing ,  as r e q u i r e d ,  t o  
v a r i o u s  s t a t i o n  branches .  The s t a t i o n  branches i n c l u d e  
from one t o  a k u t  t e n  2-wire s t a t i o n s  br idged  d i r e c t l y  a c r o s s  
%he 2-wire l i n e .  Each s t a . t i o n  c o n s i s t s  of a r e c e i v e r - ~ ~ . p l i f i ~ r  
working, i n t o  a. r e c e i v e r ,  and a micropholre Iforking through 2 
microphone-amplif i e r  connected t o  t h e  2-wire l i n e  as i -nd ica t ed .  
There  i s  ' a l s o  a moni tor ing  ampl i f i . e r  i nc luded  i r i  t h e  s t a t i o n  
u n i t .  A t  t h e  s t a t i o n  any one of t h e  connected 21  conference  
c i r c u i t s  can be s e l e c t e d  by the  o p e r a t i o n  of t h e  ACTIVE 
s e l e c t o r  s w i t c h  'which con!iects t he  microphone and the  r e c e i v e r  
w i t h  t h e i r  a s s o c i a t e d  a m p l i f i e r s  t o  t h e  des i red .  confe rence .  
The M O N E O R  swi t ch  i s  used t o  s e l e c t  any one of t h e  2 1  con- 
f e r e n c i n g  c i r c u i t s  f o r  moni tor ing  purposes .  Other s t a t i o n  
branches  a r e  s i m i l a r l y  connected from t h i s  and o t h e r  P/D 
u n i t s  around t h e  complex. 

The a r r a n g a n e n t s  a t  t h e  Automatic Ground C o n t r o l  S t a t i o r ,  (AGCS)  
are' also sho:.;n i n  F i g u r e  6 .  The branching-out  procedure  
from t h e  AGCS i s  t h e  same a.s d e s c r i b e d  p r e v i o u s l y  f o r  t he  
bloclchouse. c 

' I  

* A s t a t i o n  branch i n c l u d e s  a l l  s t a t i o n s t c o n n e c t e d  t o  a 
p a t c h  modv.le of a pa tch  dLSLributor .  
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Figure  7 i l l u s t r a t e s ,  i n  a. g e n e r a l  way, t h e  p h y s i c a l  l a y o u t  
of t h e  v a r i o u s  c o n t r o l  and p a t c h i n g  u n i t s .  The o n l y  add l -  , 
t i o n a l  u n i t s  which were n o t  d e s c r i b e d  p rev io i l s ly  are the  \ aud io  bus p a n e l s .  These pane l s  are used t o  bus d i f f e r e n t  
c m f e r e n c e s .  i n  4-rwi1-e o p e r a t i o n  i t  w i l l  n o t  be perinlt-led 
t o  bus any h-x i re  conferences ,  hence t h e  w i r i n g  t o  t h e  aud io  
bus p a n e l  f o r  a l l  Ll-wire conferences  w i l l  have t o  be 
d i sconnec ted .  

A t  p r e s e n t  t h e  2-wire  s i d e s  of t h e  A I A  a m p l i f i e r s  a r e  con- 
n e c t e d  t o  a p a r t i c u l a r  pa t ch  d i s t r i b u t o r  p a n e l  and each  i s  
brought  i n t o  an  aud io  swi t ch  pariel th rough a c u t o f f  key.  On 
ll-wire confe renc ing  c i r c u i t s  t h e  ( A I A )  a m p l i f i e r s  should  be 
d i s c o n n e c t e d .  

- 

Figure  8 i l l u s t r a , t e s  a suggested met'ricd foi- c o n r i e z t l n g  t h e  
Bus B a r  Bridge t o  t h e  Audio SillS.'ich Panels l f i q p )  apcl, t.2 the 

'AL:A Pa tch  D i s t r i b u t o r  Panels  (P/D) . A more d e t a i l e d  s k e t c h  
showing t h e  audi.9 s w i t c h  p a n e l  i s  shown i n  F i g u r e  9. The 
informat ion  con ta ined  i n  t h e s e  f i g u r c s  a p p l i e s  t o  primai-y 
b r i d g e s  l o c a t e d  i n  launch complexes o r  b u i l d i n g s  such as 
t h e  MSOB .as w e l l  a s  t o  secondary b r i d g e s  l o c a t e d  i n  the 
AGCS b u i l d i n k .  

Each 2-wi.re braiich of a confe renc ing  c i r cu i - t  i s  connected 
t o  a 3 - p o s i t i o n  s w i t c h .  I n  t he  c e n t e r  p o s i t i o n ,  t h e  branch 
i s  t e rmina ted  i n  'a 620 ohui r e s i s t o r  b u t  t h e  s t a t i o n s  on t h e  
branch may s t i l l  t a l k  w i t h  one a .nother .  UP a.nd DOFN bus 
b a r s  a r e  a v a i l a b l e  t o  connect t o g e t h e r  branches of a confe r -  
ence c i r c u i t  i n t o  two s z p a r a t e  confe rences .  
conference  o p e r a t i o n ,  i t  i s  sugges ted  t h a t  t h e  UP p o s i t i o n  
of t h e  swi t ches  i n  t h e  ASP should be used t o  connec t  t h e  
areas t o  the  conference  b r idge  and t h e  DOVTN p o s i t i . o n  of t h e  
swi t ches  t o  connec t  the a.reas t o  a T e s t  Panel .  T h i s  sugges ted  
method of o p e r a t i o n  w i l l  p e r m i t  r eady  means t o  i s o l a t e  
t r o u b l e s  by use  of t h e  t e s t  p a n e l .  

For  4-wire 

I s o l a t i n g  r e s i s t o r s  should be used f o r  each brench  emznat ing 
from t h e  ASP. These r e s j - s t o r s  w i l l - p r o t e c t  t h e  bus bar frsm 
s h o r t  c i r c u i t s  o r  f a l s e  grounds on t h e  c a b l i n g  betvieen t h e  
ASP and t h e  P/Ds. 

The c a b l e s  fron? the  ASP f a n  out  th rough p a t c h  d i s t r i b u t o r  
panels to t h e  s t a t i o n  branches and f i n a l l y  t o  t h e  i n d i v i d u a l  
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s t a t i s n s  . A d d i t i o n a l  i s o l a t i n s  r e s i s t o r s  should be i n s t a l l e d  
i n  each s t a t i o n  branch as it f a n s  o u t  from a P/D. These 
r e s i s t o r s  will p r o t e c t  o t h e r  s t a t i o n  branches  from s h o r t  c i , r -  ' I 
c u i t s  c)r f a l s e  grounds i n  s t a t i o n s  o r  i n  t he  c a b l i n g  of a \ 1 
branch  c i r c u i t .  

I 

\ 
Audio Swi tch  P m e l  and Tatch D i s t r i b u t o r  C i r c u i t  M g d i f i c a t i o n s  

F i g u r e  8 i l l u s t r a t e s  s c h e m a t i c a l l y  t h e  c i r c u i t s  of t h e  Audio 
Bus and AudTo Switch Panels .  For  e v e r y  4-wire  c i r c u i t  two 
2-wire  c i r c u i t s  should  be used.  The sugges ted  changes i.n 
t h e  Audio Swi tch  Pane l s  a.re shown h e r e .  Connect ions t o  t h e  
Bus Panel  shou ld  be removed to p r e v e n t - a n y  unau thor i zed  
in te rconnec ' i ions .  A s  p r e v i o u s l y  mentioned, t h e  UP bus b a r  
should  be used f o r  t h e  confe renc ing  b r i d g e  a n d . t h e  DOWN bus 
bar f o r  t e s t i n g  of t h e  a r e a  c i r c u i t .  The same w i r i n g  changes 
shcu ld  5e r?,zde ir! 2-11 a i i d i o  s w i t c h  p a n e l s  c o n t a i n i n g  Il-wire 
c o n f e r e n c i n g  c i r c u i t s .  

Fo r  eve ry  &-wire conrererice br idge ,  the za'cling' f o r  two 2- 
w i r e  confe rences  w i l l  be used.  One of the 2-wire c i r c u i t s  
should  be used f o r  t h e  r e c e i v e  bus of t he  c o n f e r e n c i n g  b r i d g e  
and t h e  second 2-wire c i r c u i t  f o r  the t ransm5. t  bus .  It j.s 
sugges t ed  ,that t h e  connec t ions  t o  t h e  a m p l i f i e r s  be made 

' 

t h r o u g h  Jack 'J-11 of t h e  last aud io  s w i t c h  p a n e l  and connec- 
t f o n s  t o  t he  t e s t  panel. through jack. 51.2. 

1sola t i .ng  r e s i s t , o r s  should be provided  i n  each l e g  of the 
low impedance bus of t h e  )!-wire confcrence  b r i d g e .  The va lue  
of each  r e s i s t o r  should  be 150 ohms. One percenL r e s i s t o r s  
wi.th good aging and s t a b i l i t y  c h a r a c t e r i s t i c s  should  be used.  
A sugges ted  method of i n s e r t i n g  t h e s e  r e s i s t o i - s  i s  sholwa i n  
F i g u r e  8. 
val-ue of t h e  i s o l . a t i n g  r e s i s t b r s  i n  the  P/Ds should  be 
150 o h m  51% r e s i s t o r s  f o r  t h e  t r a n s m i t t i n g  l e g s  and 30-0 ohms 
-I- l% f o r  t h e  r e c e i v i n g  legs, a s  shown i n  F igu re  8. 
i s o l a t i n g  r e s i . s t o r s  
the branch legs of a n  a r c a ,  may be i r ,s ta l led e i t h e r  i n  t h e  
p a t c h  cords  o r  i n  s e r i . e s  with the o u t p u t  p a t c h  j a c k s  i n  t h e  
P/D. Mounting t h e s e  r e s i s t o r s  i n  s e r i e s  w i t h  t h e  i n p u t  p a t c h  
j a c k s  - c o u l d - -  be done i f  t h e r e  i s  on1.y one o r ,  a t  the  most, 
t w o  s c a t i b n - b r a n c h e s  d i s t r i b u t e d  from t h e  P/D. 

. .  

* .  

Each l e g  i s  also terrni-nated i n  300 ohms kl$. The 

These 
which p r o t e c t  t h e  conference  bri.dg;e and 

Terminat inP L'--.-.-- S t a t i o n  C h a n p s  - 

The proposed p l z n  p i i l l  pe rmi t  o p e r a t i o n  wi th  both  2- and 4- 
w i r e  confe rences  w i t h  a u t o n a t i c  changeover betv:cen t y p e s  of 

3i\, 
%* 

I 

L 



conf 'erences.  S t a t i o n  o p e r a t i m  ti- i l l  remzin t h e  same. To 
make t h e s e  w i r i n g  changes i n  the  s t a t i o n  sets, t h e  2 - ~ ~ a f e r ,  
2-deck ACTIVE swi t ches  should be r e p l a c e d  with 2-v:'2fer, 1!- 
deck swi t ches  at a l l  l o c a t i o n s  icihere )+ -x i r e  o p e r a t i o n  i s  
r e q u i r e d .  

F i g u r e  10 i l l u s t r a t e s  t h e  w i r i n g  changes t h a t  a r e  r e q u i r e d  
a t  l o c a t i o n s  where &wire o p e r a t i o n  i s  n e c e s s a r y .  I n  t h i s  
f i g u r e ,  on ly  one 4 - ~ i r e  and two 2-wire  c i r c u i t s  a r e  s h m n .  
I f  more t h a n  one 4-tvire c i r c u i t  i s  r e q u i r e d ,  t h e  w i r i n g  will 
be s i m i l a r  and two 2-wire confe renc ing  c i r c u i t s  w i l l  be used 
f o r  each  &-wire conference .  

4 The swi t ch  sugges ted  f o r  this purpose i s  i l l u s t r a t e d  ' i n  
F i g u r e  11. To p rov ide  f o u r  decks,  bo th  s ides  of t h e  wafer  
are used t o  mount l u g s .  Because of this, it is n e c e s s a r y  to 
use  one of t h e  lugs as the  connec t ion  to t h e  rotor b lade  
l e a v i n g  23 p o s i t i o n s  foi- conference  connec t ions .  To make 
the  o p e r a t i o n  of t h i s  swi t ch  t h e  same a s  prev iou-s ly ,  t h e  
twen ty - fou r th  p o s i t i o n  shou ld  be uszd as t h e  o f f - p o s i t i o n .  
mL- L I I C  v , - .+~*  I U b U I  ir, t h i s  case  shoulc! he co~z~- i~ r . t .~C!  t.0 t.he twenty- 
t h i r d  l u g  p r o v i d i n g  22 usable  p o s i t i o n s .  The o f f - p o s i t i o n  
may be t e r m i n a t e d  i n  620 ohms i f  d e s i r e d .  

If it i s  t les i red  t o  make a v a i l a b l e  23 u s a b l e  p o s i t i o n s ,  t h e  
twen ty - fou r th  l u g  could be used f o r  t h e  r o t o r  and o f f  p o s i -  

used .  
. t i o n .  In' t h i s  case ,  t h e  620 ohm t e r m i n a t i o n  r s ~ u l d  n o t  be 

A t  t h e  p r e s e n t  t ime,  the ACTI* and MONITOK s w i t c h e s  use 
b r i d g i n g '  ( a l s o  r e f e r r e d  t o  a s  s h o r t i n g )  con tac t , s  t o  p r e v e n t  
o sc i l l - a t j . on  of t h e  in t e rconnec ied  microphone and r e c e i v e r  
a m p l i f i e r s .  With b r i d g i n g  c o n t a c t s ,  it i s  possi 'o le  to i n t e r -  
connec t  two con'ferences i f  t h e  swi tch .  i s  st,oppec? half-way 
between l u g s .  Even i f  t h e  swi t ch  r ' o t a t i o n  i s  n o t  p o s i t i o n e d  
between l u g s ,  momentary i n t e r c o n n e c t i o n  of two Conferences 
r e g u l t s ,  which could  cause a s h o r t  i n t e r f e r i n g  s i g n a l  on 
both confe rences .  T h i s  would. i n c r e a s e  the n o i s e  l e v e l  cm 
t h e  confe rence  c i r c u i t s  when t h e r e  i s  a g r e a t  d e a l  of swi t ch -  
i n g  a c t i v i t y .  S ince  t h e  microphone and r e c e i v e r  art lplif i .ers 
a r e  n o t  connected t o g e t h e r  a t  s tati-ms where h-wirs  c o n f e r -  
ence c i r c u i t s  a r e  used, it i s  p o s s i b l e  t o  p rov lde  a nonbridg-  
S.ng ACTIVE swi.tch.  The .des ign  e n g i n e e r  mast i n v e s t i g a t e  t h i s  
f u r t h e r  t o  assure  t h a t  no o s c i l l a t i o n  of t h e  a m p l i f i e r s  v r 5 . 1 1  
resu1. t  VJhi3.2 thi: swi t ch  i s  ir! t he  i n t e r l u g  p o s i t i 9 n .  Pre l im-  
i n a r y  t e s t s  i n d i c a t e  t h a t  s h i e l d e d  w i r i n g  should  be used be- 
tween t h e  a a p l i f i e r s ,  t he  in te rcom s w i t c h  and t h e  ACTIVE 
s w i t c h  r o t o r s  to minimize t h e  chances of , s ing ing .  

%.. 
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F u r t h e r  t e s t s  i n d i c a t e  t h a t  any o s c i l l a t i o n  t h a t  o c c u r s  whi le  
the swi t ch  i s  betiveen- lugs w i l l  be darnped i n s t a n t l y  when a 
c i r c u i t  connec t ion  i s  completed.  Consequent ly  no ifi terf 'eri \ng I 
n o i s e  will be d e t e c t e d  on t h e  connected c i r c u i t s .  However, , 
t o  r e p e a t ,  b e f o r e  the  nonbr ldging  s x i t c h  i s  s p e c i f i e d ,  t h e  
d e s i g n  e n g i n e e r  should  perTom f u r t h e r  t e s t s  t o  a s s u r e  t h a t  
t h i s  t y p e  of  o p e r a t i o n  i s  s a t i s f a c t o r y .  

I 

The p o s s i b i l i t y  of a c o u s t i c  shock ex i - s t s  i n  t h e  sys tem as 
p r e s e n t l y  used .  
r e c e i v e r  t h i s  p o s s i b i l i t y  w i l l  be i n c r e a s e d .  
sugges t ed  t h a t  some means be i n c o r p o r a t e d  t o  e l i m i n a t e  t h i s  
c o n d i t i o n .  

With t h e  i n t r o d u c t i o n  of a more e f f i c i e n t  
It i s  t h e r e f o r e  

I n t e  r c  m i  U s  e 

The preserii, u i t , t ! ~ ~ w u  D ~ ~ ~ ~ L . ~ ~  --.:+-L L - P  l l u . J  c uLlllriu c ; n > n l n  t rgnqfnr  _ _  circl-j-Lf-, 
which d i s c o n n e c t s  t he  headse t  aiid i t s  a s s o c i a t e d  a m p l i f i e r s  
from the  s e l e c t o r  swi tches  and connec ts  them t o  the in te rcom 
c i r c u i t .  When a s t a t i o n  i s  modif ied f g r  ii-wire confe renc ing ,  
t h e  microphone and r e c e i v e r  a m p l i f i e r s  a r e  d i sconnec ted  from 
each  o t h e r .  Idhen t h e  intercom swi t ch  i s  ope ra t ed  f o r  t h i s  
arrangement ,  t h e  microphone a m p l i f i e r  i s  connected t o  t h e  
in t e rcom c i r c u i t  and di.sconnected from the  r o t o r  Df t h e  
ACTfVT;: sr; : i tch.  
t h e  intercorn c i r c u - i t  and t h e r e  i s  no s i d e t o n e .  

- speake r s  of t h e  in t e rcom se t  do n o t  prove a s a k i - s f a c t o r y  
means f o r  checking  :vhether t he  in te rcom i s  busy, 
tone  i s  d f s i r e d ,  it w i l l  be n e c e s s a r y  t o  r e p l a c e  t h e  i n t e r -  
com swi t ch .  The new swi t ch  should  prDvide a d d i t i o n a l  c o n t a c t s  
which w i l l  i n t e r c o n n e c t  the' microphone and r e c e i v e  amplif  I.ers, 
and c u t  o f f  t h e  swi t ch  r o t o r s  d u r i n g  in te rcom use  a s  i n d i c a t e d  
i n  F igu re  10.  

The r e c e i v e r  a m p l i f i e r  i s  n o t  connected t o  
If the loud- 

anc! i f  s i d e -  

Transmiss ion  P lan  -- and C i rcu - i t  Line-Up Procedures  

The sugges ted  t r a n s m i s s i o n  p l a n  i s  shown i n  F i g u r e s  3 and 4 
and t h e  c i r c u i t  l i n e - u p  pr9,cedures a r e  shbwn i n  F-igures 12 
and 1-3. The t r a n s m i s s i o n  p l m  i s  based on a microphone and 
microphone a m p l i f i e r  ou tpu t  or" -1.5 vu i n t o  600 ohms f o r  an  
average  t a l k e r .  Based on s t a n d a r d  B e l l  System l i n e - u p  pro- 
cedures  f o r  p r i v a t e  l i n e  systems,  t h i s  i s  a t r a n s m i s s i o n  l e v e l  
p o i n t  (TLP) of 0 CiR. 

The knee of t h e  l i m i t i n g  r e c e i v e r  a m p l i f i e r  i n p u t - o u t p u t  
curve  i n  terms of t h e  i n p u t  s i g n a l  i s  approximate ly  0.045 v o l t ,  
o r  -25 dCm imto 600 ohms. 
r s c e i v e r  a m p l i f i e r  s o  t h a t  t h e  average  t2 , lker 's  speech  l e v e l  
i s  n o t  l i m i t e d .  

It i s  d e s i r a b l e  t o  o p e r a t e  t h e  

S i n c e  speech,:peaks a r e  g e n e r a l l y  about  10 dB 

r :  
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above t h e  rnzasurzd t a l k e r  l e v e l ,  t h e  r e c e i v e r  ampl i fLe r  

-35 vu which i s  a TLP of -20 dB.  

The l i n e - u p  p rocedure  i s  based on t h e  use o f  a new h e a d s e t  
w i t h  an  i n c r e a s e  i n  t r a n s m i t t e r  e f f i c i e n c y  of abou t  13 dB 
and an  i n c r e i s e  i n  r e c e i v e r  z f f i c i e n c y  of about  5 dB.  
r e c e i v e r  i s  provid;.d t h a t  has  a n  i n c r e a s e d  e f f i c i e n c y  of  
a b o u t  10 dB, t h e  t r a n s m i s s i o n  p l a n  w i l l  n o t  change. The 
i n c r c a s z  i n  e i ’ f ic iency can t h e n  be compensated f o r  w i t h . t h e  
r e c e i v e r  a m p l i f i e r  p o t e n t i o m e t e r .  Complete l i n e - u p  p roce -  
dures are  d e t a i l e d  i n  F igu re  13. This  t a b l e  shows t h e  su.g- 
gested l i n e - u p  d e t a i l s .  Some of  t h e s e  l e v e l s  do n o t  c o r -  
respond t o  t h e  TLDs i n c e  it i s  n o t  p r a c t i c a l  t o  perf’or1.n. l i n e -  

he made w i t h  a ba lanced  measuring s e t  wi th  i n p u t  impedances 
of 600 ohm and abou t  8003 ohms o r  h j g h e r .  The c h a r t  s h o m  
i n  F i g u r e  13 l i s t s  a l i  necessa ry  d e t a i l s  of‘ the  l i n e - u p  
measurement p rocedures .  I 

should be o p e r a t e d  a t  a n  average spee?h  i n p u t  l e v e l  o f  

I f  a 

UP 11ea~. i i - 1 ~  Zrriplifiei- l i r i l l t i ~ ~  p o i n t .  r L L L  A 1 1  r n n ~ c ~ i v n r r n n t c  b I I I U L L  u I A v _ _ _ .  chn i i7d  

The gajn ad jus tmen t  f o r  a m p l i f i e r s  A and B, measured i n d i -  
v i d u a l l y ,  i s  5 dB lower than t h e  l e v e l  measured when t h e y  
a re  connec ted  i n  p a r a l l e l ,  

‘It should  be a n t i c i p a t z d  that i m p l e m m t a t i o n  d e s i g n  and 
t e s t i n g  w i l l  r e v e d  the ne2d f o r  some changes i n  d e t a i l .  

Re tu rn  Lbss from t h e  S t a t i o n s  snd Hzadsets  

Long d i s t an . - e  &-wire c i r c u i t s  w i l l .  be c o i n e c t e d  t o  t h e  4- 
w i r e  c o n f e r c n c i n g  b r i d g e .  I n  t h i s  t y p e  of system, i t  would 
be desrirablz t o  avo id  t h z  u s e  of echo s u p 2 r e s s o r s  arid this 
cou ld  be  achieved  i f  a 110 dB ret’urn loss can be  ma in ta ined  
a t  t h e  e n t r y  of t h e  primary b r i d g e .  To ach ieve  t h i s  r e t u r n  
loss, t h e  c r o s s t a l k  c o u p l h g  f o r  each t e r m i n a t i n g  s t a t i o n  
and i t s  a s s o c i a t e d  headse t  shou ld  be a minimum of 60 dB. 
When a p u s h - t o - t a l k  s w i t c h  i s  ope ra t ed ,  t h e  r e t u r n  l o s s  can 
be reduced to about  50 dB a t  t h a t  s t a t i o n .  Therefore ,  the 
number of P/% swi t ches  opera ted  s imdl t zneous ly  should  be 
k e p t  t o  a minimurn. The r3turn loss th rough a m p l i f i e r s  ( A )  
and ( B )  i n  t h e  r e v e r s e  d i r e c t i o n  of t r a n s m i s s i o n  shou ld  be 
we l l  ove r  60 dB.  

No5.se and NoFse I n d i c a t o r  C i r c u l - t s  _----- 

The i n c r e a s e  i n  t h 2  W a n s m i t t e r  e f f i . c i e n c 9  provic!es n o i s e  
impro-fern;?nt i n  two ways. 

~ - - - - - -  ____ - ~ _ _ _ _  

---___ -e- 

It  i$creases the s i g n a l  from t h e  

t 
L 
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o u t p u t  of t h e  m . p l i < i e r ,  caus ing  t h e  s i g n z l  l e v e l  t o  be 
h i g h e r  conpared w i t h  t h e  i n h e r e n t  microphone a m p l i f i e r  n o i s e .  
The s i g n a l  l e v e l  i s  a l s o  inc reased  over  n o i s e  induced from , 1 
s o u r c e s  o u t s i d e  of t h e  c i r c u i t .  These two i t ems  improve the,  , s i g n a l - t o - n o i s e  r a t i o  on the  system. The i n c r e a s e  i n  micro- i 
phone e f f i c i e n c y  does n o t  he lp  t o  reduce c r o s s t a l k  f r m  o t h e r  
c i r c u i t s  equipped wi th  t h e  same h igh  e f f i c i e n c y  microphones.  

A method f o r  mon i to r ing  the  conference  network f o r  a n o i s y  
leg from t h e  h-wire, 6-way b r i d g e s  i s  i l l u s t r a t e d  i n  F i  u r e  14. 
A n o i s e  i n d i c a t o r  u n i t  ma.y be connected t o  each  of t h e  $-wire, 
6-way hub b r i d g e s .  The t h r e s h o l d  l e v e l  of t h e  n o i s e  moni tor  
may be s e t  a t  t h e  d e s i r e d  p o i n t .  When t h i s  n o i s e  l e v e l  i s  ex- 
ceeded, t h e  i n d i c a t o r  u n i t  can be a r ranged  t o  cause  a n  alarm 
lamp t o  l i g h t  and an  a u d i b l e  s i g n a l  to sound. 

T o  l o c a t e  t h e  b r i d g e  l e g  ' in t roducl-ng t h e  n o i s e ,  each l e g  could 
be di-sconnected from t h e  conference and. monitored u s i n g  a - t e s t  
p a n e l  as i l l u s t r a t e d  i n  F igure  15. 
is _ f o u n d j  the trouble can be r e f e r r e d  to t h e  c m p l e x  where t h e  
t r o u b l e  is' l o c a t e d  and c l e a r e d  by t h e  maintenance peop le .  
Once t h e  n o i s e  i s  l o c a l i z e d  at a conplex o r  b u i l d i n g ,  t he  main- 
t enance  people  can f u r t h e r  l o c a l i z e  t h e  sou rce  by s w i t c h i n g  
each  a r e a  t o  t h e  DOVN bus i n  t h e  a u d i o  swi t ch  p a n e l  and monitor-  
i n g  it;' a s  i l l - u s t r a t e d  i n  F igure  8 .  

A m a r a t u s  

When t h e  n n i s y  h r i d g e  leg 

A l l .  a m p l i f j e r s  used i n  t h e  sugges ted  l a y o u t  should be equiva-  
l e n t  t o  t h e  KS-16754, List 3 a m p l i f t e r .  T h i s  i s  a l i m i t i n g  
t y p e  of art--plifier w i t h  a nominal g a i n  of 67 dB. 
impedances of t h e  a m p l i f i e r  a r e  1.5, 600 and 2400 ohms, and 
t h e  outpu-t impedances are 3.2, 12, and 600 ohms. 

The i n p u t  

The n o i s e  i n d i c a t o r  c i r c u i t  o r  i t s  e q u i v a l e n t  should  d i s t i n -  
g u i s h  between t h e  s y l l a b i c  c h a r a c t e r  of  speech and noi.se. i t  
shou ld  Dpzrate on a s t e a d y  s i g n a l .  It should  no t  o p e r a t e  on 
impulse n o i s e  u n l e s s  the no i se  r a t e  i s  f a s t e r  ' t han  the s y l l a b i c  
r a t e  of speech .  Western E l e c t r i c  J l G O 1 2 Y N  and YN units covered 
by SD-1Gl66-01 a r e  exainp1.es of such n o i s e  i n d i c a t o r  d e v i c e s .  

L 

R e s i s t o r s  used i n  t h i s  system should  ha.ve good a g i n g  and 
s t a b i l i t y  c h a r a c t e r i s t i c s  and t h e y  should  a l l  have t o l e r a n c 2 s  
of 21 p e r c e n t .  

A m p l i f i e r  Pa tch  J a c k  

The j a c k s  shorn i n  F i g u r e  12 a r e  provided  ?or linc?-up purposes .  
No a t t e m p t  has  been made in this. .  document t o  show t h e  j a c k s  

'il. * 
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necessary f o r  p a t c h i n g  o u t  d e f e c t i v e  a - n p l i f i e r s .  The des ign  
eng inee r  should p rov ide  t h e s e  j a c k s  a s  deemed necessa ry .  

. .  
I 
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AT’i’AC3XEXT 3 

KSC Confcrencing System - Analys i s  of T ra r smis s ion  

Nay 26, 1967 

The two wire  conferenc ing  arrangement  at K S C  

c o n s i s t s  of a m u l t i p l i c i t y  of s t a t i o n s  b r idged  on a 600 ohm 

l i n e .  S ince  each user can a t  p r e s e n t  choose up t o  21  such 

confe rences ,  t h e  number of users on any g iven  conference  

can change r a p i d l y  from a few to severa l .  hundred, 

s i g n i f i c a n t  amount of c a b l i n g  c a p a c i t a n c e  and wi th  t h e  

With a 

i 

impeciances of t he  e x i s t i n g  s t a t i o n  sets ,  the  r e s u l t i n g  

l e v e l  ar.d f requency  response  of t h e  system vary  widely as  

the  loa6 v a r i e s .  

During an i n v e s t i g a t i o n  of t h e  h e a d s e t s  i n  use 

a t  KSC ‘it was d i scove red  t h a t  h e a d s e t s  w i t h  up t o  20 dB 

more g a j n  t h a n  t h e  p r e s e n t  u n i t s  could be o b t a i n e d .  I f  

t h e s e  h e a d s e t s  were used ,  a t  least part  of t h e  i n c r e a s e d  

g a i n  could be u s e d  t o  lower the b u s  impedance below 600 ohms. 

T h i s  would ha.ve two advantages:  

t h e  system would be improved, and t h e  v a r i a t l o n  i n  level 

w i t h  number of u s e r s  would be dec reased .  I n  a d d i t i o n ,  t h e  

i n c r e a s e d  microphone g a i n  would p rov ide  an  improvement ir! 

s i g n a l  t o  n o i s e  r a t i o .  The purpose of this.memorandum i s  

t o  ppesent  e s t i m a t e s  of t h e  e x t e n t  of t h e s e  improvements i n  

t r a n s n i s s i o n .  

t h e  fre’quency response  of 

I 
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R e s u l t s  

As shown i n  t h e  fol . lov~ing d i s c u s s i o n ,  b o t h  bandwidth 

and l e v e l  constancy would be s i g n i f i c a n t l y  improved by u s i n g  

a 60 ohm bus wi th  a t r a n s m i t t e r  and r e c e i v e r  each having  

10 dB i n c r e a s e  i n  g a i n .  The dec rease  i n  r ece ived  level wi th  

a change i n  number of u s e r s  from 0 t o  500 would be abou t  

I 6 dB, compared wi th  about  20 dB -in t h e  p r e s e n t  system. The 
\ 

speech l e v e l  wi th  500 use r s  would be  i n c r e a s e d  abou t  15 dB 

ove r  t h e  l e v e l  i n  t h e  p r e s e n t  system. I n  a d d i t i o n ,  t h e  use 

of new t r a n s d u c e r s  and a 60 ohm bus r e s i s t a n c e  wou7.d reduce 

n o i s e  and c r o s s t a l k  by between 10 and 20 dB. The d i s t o r t i o n  

i n  t h e  60 ohm system would be less t han  i n  t h e  p r e s e n t  

system, by o p e r a t i n g  f u r t h e r  below t h e  volume 1-i.miting polnf;  
, .  

of t h e  rece-ive a n i p l i f i e r .  

D i  s c  us  s i  on 

I n  t h e  fo l lowing  d i s c u s s i o n  i t  has  been assumed 

t h a t  t h e  e x i s t i n g  a m p l i f i e r s  and c a b l i n g  a r e  used .  The 

e f f e c t s  of v a r i o u s  amounts of bus r e s i s t a n c e  and capac i t ance  

on 'bo th  r ece ived  speech l e v e l  and f requency  response i s  
n 

t h e n  deijermined. I n  e s t i m a t i n g  t h e  r ece ived  speech l e v e l  

use ' i s  made of loudness  r a t i n g  theo ry ,  which i n c l u d e s  t h e  

weighted c o n t r i b u t l o n  of each f requency  to loudness  of 

speech .  (See Appendix). It should be emphasized t h a t  

two systems e u u a l l y  ioud" a r e  no t  n e c e s s a r i l y  equal7.y I I  

$.. 
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i n t e l l i g i b l e ;  a system with a g r e a t  d e a l  of h igh  f r equency  

l o s s  can be made t o  sound a s  loud as a f l a t  bandwidth 

system, a l t h o u g h  many more words w i l l  be misunderstood i n  

t h e  system w i t h  h i g h  frequency loss. Since  t h e r e  i s  v e r y  

l i t t l e  c o n t r i b u t i o n  t o  e i t h e r  loudness  or i n t e l l i g i b i l i t y  

above ( a b o u t )  3200 Hz o r  below 200 Hz, i t  i s  assumed t h a t  

t h e  h e a d s e t  r e c e i v e r  i s  r e s t r i c t e d  t o  t h i s  bandwidth.  

I n  t h e  fol . lowing d i s c u s s i o n  one of t h e  pa rame te r s  

of i n t e r e s t  i s  t h e  nominal bus r e s i s t a n c e .  As shown 

below, t h e  r e s i s t a n c e  may b e  used t o  e f f e c t  a gain-bandwidth 

t r a d e .  The system w i t h  the  b e s t  f requency  response  and the 

l ea s t  v a r i a t i o n  w i t h  l oad ing  i s  obtafned  by u s i n g  t h e  

l o w e s t  p o s s i b l e  bus r e s i s t a n c e .  This ,  however, lowers  t h e  

speech o u t p u t  of t h e  system. The r e s i s t a n c e  m u s t  be chosen,  

t h e r e f o r e ,  t o  s a t i s f y  t h e  requj:rement of adequate  volu.me 

under  t h &  worst c o n d i t i o n  of heavy usage,  h igh  c a b l i n g  

c a p a c i t a n c e ,  and s i g n i f i c a n t . l o s s  i n  t h e  t r a n s m i s s i o n  p a t h  

t o  t h e  f a r  end u s e r .  The no-load r e c e i v e  l e v e l  of t h e  p r e s e n t  

system a p p e a r s  t o  have a t  l e a s t  10 dB of margin.  A s  d i s c u s s e d  

c 

f u r t h e r  below, speech on a h e a v i l y  loaded  system u s i n g  20 d.R 

h i g h e r  g a i n  h e a d s e t s  and a 60 ohm bus wou.id be hea rd  about  

6 dB below t h e  p r e s e n t  no-load speech l e v e l ,  a n  improvement 

of about  15 d.B over  t h e  p r z s e n t  600 ohm system under t h e  

same c o n d i t i o n s .  I n ' t h e  f i n a l  s e c t i o n ,  t h e r e f o r e ,  i t  i s  

assumed t h a t  t h e  wors t -case  speech l e v e l  would be adequa te  
%., 
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i n  a 60 ohm systetn, and t h e  c h a r a c t e r i s t i c s  of t h i s  system 

a re  compared wi th  those  i n  t h e  p r e s e n t  system. 

1.0 Bus Res i s t ance  

i 

gives t h e  r e l a t i v e  g a i n  o r  a t t e n u a t i o n  f rom t h e s e  two sources  

a s  a f u n c t i o n  of che bus r e s i s t a n c e  R .  
2 4 .  

A s  shown or, F i g .  1, 

I n  a system i n  which a l l  o t h e r  g a i n s  o r  l o s s e s  

a r e  h e l d  f i x e d ,  t h e  bus r e s i s t a n c e  a f f e c t s  t h e  f requency  

response  of t h e  system and t h e  speech l e v e l .  Assuming 

d i s t r i b u t e d  c a b l e  capac i t ance  can be repres 'ented a s  a 

lumped element C ,  a bus wi th  r e s i s t a n c e  R w i l l .  have a. 

where f o  i s  t h e  f requency  where t h e  r e s i s t a n c e  and r e a c t a n c e  

a r e  equa l :  

The p o i n t  where f = f h a s  been termed t h e  "co rne r  f requency";  
0 

a t  t h i s  p o i n t  t he  response i s  down 3 d R .  

proportj.oria1 t o  R, t h e  l a r g e r  R i s ,  t h e  lower t h e  c o r n e r  

S ince  f o  i s  i n v e r s e l y  

f requency ,  and t h e  g r e a t e r  t h e  a t t e n u a t i o n  through h igh  

f requency  r o l l - o f f .  T h i s  e f f e c t  t ends  t o  dec rease  t h e  speech 

l e v e l  as  R i s  i n c r e a s e d .  A s  shown i n  t h e  Appendix, however, 

t h e  g a i n  of t h e  system with n e g l i g i b l e  capac i t ance  v a r i e s  a s  

20 log R; t h e  hj-gher R i s ,  t h e  h i g h e r  t h e  ou tpu t  l e v e l .  The 

r e l a t i v e  c o n t r i b u t i o n  of these  two e f f e c t s  depends on t h e  

c a b l i n g  capac i t ance  C .  This e f f e c t  i s  shown i n  Fig. l., which 

a change i n  r e s i s t a n c e  from 60 ohms to 603 ohms would, w i th  



I 
z e r o  capac i t ance ,  i n c r e a s e  t h e  system output  by 20 dB. 

However, wi th  2-pF of c a b l i n g  capzc i t ance ,  s ch a change I 1  1 I 
\ . \  

would cause t h e  pe rce ived  speech loudness  t o  drop by 1-5 dB 

through i n c r e a s e d  h igh  frequency a t t e n u a t i o n .  

g a i n  i n  such a c a s e  would be 5 dB. F i g .  2, which g i v e s  t h e  

r e l a t i v e  f requency  responses  of t h e  two systems, shows why 

t h i s  i s  s o .  A s  shown i n  F i g .  2, t h e  f requency  response  

w i t h  t h e  h i g h e r  impedance has  a l a r g e  s l o p e  a c r o s s  t h e  

, 
The n e t  

band. 

p o o r e r  than  t h e  lower level. system, even though i t  i s  6 dB 

I 1  l oude r" .  

Tne large s l o p e  would probabiy  maice t h i s  system 

The a c t u a l  bus r e s i s t a n c e  i s  composed of t h e  

nominal r e s i s t a n c e  Ro p l u s  t h e  combined r e s i s t a n c e  of 

t h e  s t a t i o n  s e t s  br idged  o n .  S ince  t h e  impedance of each 

s e t  i s  approximate ly  30,000 ohms, t h e  f i r s t  few sets have 

l i t t l e  e f f e c t .  A s  t h e  combined r e s i s t a n c e  of the  s e t s  

approaches t h e  nominal bus r e s i s t a n c e ,  t h e  t o t a l  r e s i s t a n c e  

d r o p s ,  The t o t a l  bus r e s i s t a n c e  R i s :  

I 

Ro ' 

l- tn Ro R =  

where n i s  t h e  t o t a l  number of u s e r s .  F i g .  3 shows the  

v a r i a t i o n  i n  r e s i s t a n c e  f o r  R = 600,200, and 60 ohms. The 

lower t h e  va lue  of R,, the  l e s s  r e l a t i v e  change i n  R as  

n i s  v a r i e d .  For  example, a s  r?. . increases from 0 to 500, 

0 

? 

?r: 

. 
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R i n  a 600 ohm system dec reases  from 600 ohms t o  55 ohms, a 

change of 11:l. I n  a 60 ohm system, R changes from 60 t o  

30 ohms, a change of 2 : l .  

A S  t h e  l o a d  i n c r e a s e s  and R d e c r e a s e s  t h e r e  a re  

two opposing e f f e c t s  on the l e v e l ,  a s  shown on F i g .  1. The 

bandwj-cith improves, r a i s i n g  t h e  l e v e l ,  whi le  t h e  ga in  

d e c r e a s e s ,  lower ing  t h e  l e v e l .  With t h e  excep t ion  of very  

large va lues  of capac i t ance  t h e  n e t  r e s u l t  i s  always a 

l e v e l  dec rease  wi th  inc reased  load ing ,  a l though  t h e  rate 01' 

decraease depends I---- upull  E and C .  32 g e n e r a l ,  t h e  level i;cncls 
0 

t o  drop roughly a s  10 l o g  (1 + n R0/30000) t o  t h e  p o i n t  

where f o  i s  g r e a t e r  t han  3200 Hz, and then  drops  a s  20 

l o g  (1 + n R0/300@0) beyond t h i s  p o i n t .  

v a r i a t i o n  w i t h  a g iven  loading  change i s  i n v e r s e l y  p r o p o r t i o n a l  

The amount of t h e  

t c  Ro, however. For example, wi th  Ro = 600 ohms t h e  l e v e l  

drop  c a n ' b e  a s  much as 20 dB i n  going from 0 t o  500 u s e m ;  

w i t h  60 ohins, t h e  l e v e l  drop under t h e  same c o n d i t i o n s  i s  

about  6 dB. 

2 . .  Comparison of ___-I Systems 

I n  t h e  fol lowing s e c t i o n  a comparison i s  made 

between two systems: 1) t h e  p r e s e n t  600 ohm system, and 

2 )  a system i n  which t h e  t r a n s m i t t e r  and r e c e i v e r  are  both  

10 dB more e f f i c i e n t  than p r e s e n t  u n i t s ,  and bus r e s i s t a n c e  

h a s  been lowered t o  60 ohms. 

%?*. 
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2 . 1  Level  V a r i a t i o n  

F i g .  4 shows t h e  v a r i a t i o n  i n  l e v e l  w i t h  l o a d i n g  

f o r  t h e  two SySteinS for 1.5 pF an6  0.5 pF of c a b l i n g  

I c a p a c i t a n c e .  I n  all c a s e s  the  r e c e i v e  l e v e l  i s  r e f e r r e d  t o  

t h e  no-load l e v e l ,  which i s  the  same i n  t h e  two sys tems.  

As shown on F i g .  4, t h e  60 ohm system would be much l e s s  

I (  a f f e c t e d  by e i t h e r  c a b l i n g  capac i t ance  or l o a d i n g  than  t h e  
~ 

p r e s e n t  system. l?it;h 500 u s e r s ,  t h e  r e c e i v e d  speech l e v e l  

I i n  t h e  60 ohm system would be a b o u i  15 dZ hlgher th i r !  Lr! 

2 .2 Bandwi'dth -- 
The 3 dB c o r n e r  f requency w i t h  60 and 600 ohms i s  

shown v e r s u s  l o a d i n g  i n  F i g .  5 f o r  1 . 5  pP and .5 pF. 

F i g .  5 assumes a r e c e i v e r  band l imi.ted t o  3200 Hz. As 

shown i n  F i g .  5, w i t h  l i g h t ;  l o a d i n g  the  600 ohm systern has 

a corner  f requency  below 1000 hZ wi th  0 .5  

c a p a c i t a n c e ;  t h e  60 ohm system i s  n o t  a f f e c t e d  by 0 . 5  pF. 

With 1.5 ~ L F ,  t h e  600 ohm case  shows c u t - o f f s  of 200 to - 

300 Hz, implying a very  bad response  (see Fig.'2). 

60 ohm system i s  much l e s s  a f f e c t e d .  

of cabl i .ng 

The 

2.3 Noise 
_II_- 

The use of a t r a n s m i t t e r  10 dB more e f f i c i e n t  

t h a n  p r e s e n t  u n i t s ,  combined wi th  t h e  expansion of t h e  

p r e s e n t  a m p l i f i e r s ,  w i l l  l o w e r  yandom n o i s e  from t h e  

a m p l i f i e r s  br idged  on by a b o u t  >.\ l { i  dB. 
r 

Pick-up of background 
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room n o i s e  depends upon pumber of open microphones and t h e  

c h a r a c t e r i s t i c s  of t h e  microphones. S ince  one of t h e  new I 

microphones under c o n s l d e r a t i o n  h a s  2 o r  3 dB l e s s  n o i s e  
I 

c a n c e l l a t i o n  than  t h e  p r e s e n t  u n i t ,  t h e  room n o i s e  p icked  

up could be s l i g h t l y  h ighe r .  Th i s  microphone, however, 

s u f f e r s  l e s s  v a r i a t i o n  i n  l e v e l  w i th  use, Implying more 

c o n s t a n t  speech l e v e l ,  s o  t h e  net. e f f e c t ,  may be no i n c r e a s e  

i n  pe rce ived  n o i s e  o r  even a s l i g h t  d e c r e a s e .  

There a r e  two sources  of c r o s s t a l k :  o t h e r  ~ V J O  

wire conferenc ing  systems, and o t h e r  o u t s i d e  s o u r c e s  

( swi t ch ing  n o i s e ,  machines, e t c .  ) A l l  of t h e s e  SOUI~CC‘s can 

be  cons idered  h igh  impedance sources  , s i n c e  t h e  c r o s s t a l l i  

coup l ing  p a t h  i s  u s u a l l y  a small amount of c a p a c i t i v e  

coup l ing .  The l e v e l  of t h e  c r o s s - t a l k i n g  sj .gnal i s  t h e r e f o r e  

determined by the  bus impedance. The l e v e l  a t  which t!iis 
, 

s i g n a l  i s  heard  i s  determined by t h e  g a i n s  and losses beyond 

t h e  p o i n t  where t h e  c r o s s - t a l k i n g  s i g n a l  i s  in t roduced ,  which 

i n  t u r n  are determined by t h e  l e v e l  of t h e  wanted s i g n a l .  

F ig .  6 shows g r a p h i c a l l y  the  changes i n  s i g n a l  l e v e l  a s  t h e  

v o i c e  proceeds through the  microphone , a m p l i f i e r s  and bus,  

and r e c e i v e r  i n  t h e  p r e s e n t  and i n  t h e  60 ohm sys tems.  S ince  

t h e  i n t e n t i o n  of F i g .  6 i s  t o  show r e l a t i v e  l e v e l s  t h e  

a m p l i f i e r  g a i n s  a r e  a r b i t r a r y ,  a s  shown by t h e  broken l i n e s .  

Each major divi:?l.on v e r t i c a l l y  %qorresponds’to 10 dB. As 
A 

t 
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I 

I 
shown on Fig. 6, on wanted s f g n a l s  t h e  i n c r e a s e d  t r a n s d u c e r  

g a i n  of 20 dR i s  ba lanced  by the  impcdance change, s o  t h a t  

speech i s  hea rd  a t  t h e  same l e v e l  a s  b e f o r e .  Ou t s ide  

i n t e r f e r r i n g  s i g n a l s  a r e  a t t e n u a t e d  20 dB by t h e  impedance 

change, on ly  10 dB of which i s  coun te rac t ed  by i n c r e a s e d  

r e c e i v e r  g a i n .  These s i g n a l s  are, t h e r e f o r e ,  reduced 10 dB 

over  t h e  p r e s e n t  l e v e l s .  The speech from o t h e r  two wire 

conferences  i s  a t t e n u a t e d  by 10 dB on t h e  bus c a r r y i n g  t h e  

conference;  a f t e r  unwanted coupl ing  t o  a n  adJacen t  bus the 

change t o  60 ohms causes  ano the r  20 dB of a t t e n u a t i o n  below 

I 
I 

CL bile Lnn u u w  W l l l l l  l cvc1 .  Thc ifizrcasec! receiver gal2 c o u n t e r a c t s  

10 dB of t h i s  a t t e n u a t l o n  f o r  a n e t  c r o s s t a l k  r e d u c t i o n  of 

20 dB. 

I n  a l l  of t h e  above c a s e s  t h e  expansion of t h e  

r e c e i v c  a m p l i f i e r  has  been ignored .  I f  expansion i s  inc luded ,  

t h e  r e d u c t i o n  i n  o u t s i d e  c r o s s t a l k  becomes about  15 dB, and 

from o t h e r  2 wi re  conferences about  26 dH. 
c 

2.5 D i s t o r t i o n ;  OperaCing P o i n t  
c_- 

A c o n s i d e r a t i o n  i n  t h e  KSC system is the o p e r a t i n g  

p o i n t  of t h e  r e c e i v e  a m p l i f i e r .  A t  t h e  p r e s e n t  time these 

a m p l i f i e r s  a r e  opera ted  near  t h e  volume l i m i t i n g  p o i n t .  

has  t h e  e f f e c t  t h a t  speech of loud t a l k e r s  d e c r e a s e s  t h e  

This  

g a i n  of t h e  a m p l i f i e r ;  with t h e  slow r e l e a s e  time c o n s t a n t  

of t h e s e  a m p l i f i e r s  bo th  noise  and o t h e r  speech are 

L 
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a t tenuated  f o r  a b r i e f  p e r i o d .  I n  add i t ion ,  t h e  d i s t o r t i o n  

of t h e  amp]-ifier i s  h igher  close t o  t he  l i m i t i n g  po in t .  

I n  t h e  60 ohm system speech i s  received a t  t h e  input  t o  t he  

a m p l i f i e r  about 10 dB iower than a t  p resent ,  providing 

considerable  margin aga ins t  unwanted compression. 

J 

k. 
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APPENDIX 
I_ 

I 

The assumed model of t h e  two-wire confe renc ing  

system i s  shown below: 

GM =I microphone g a i n  

G, = t r a n s m i t  a m p l i f i e r  ga in  

GR = r e c e i v e  a m p l i f i e r  ga in  

GE = earphone g a i n  

R = bus ' r e s i s t a n c e  

R = r e s i s t a n c e  of s t a t i o n  

C = c a b l i n g  c a p a c i t a n c e  

1 

0 

a- 
J 

N a . =  ou tpu t  random n o i s e  of a m p l i f i e r  

L = average  c a b l i n g  loss 

n = number of s t a t i o n s  br idged on 
I 

A l l  g a i n s  are  power g a i n s .  S ince  t h e  o u t p u t  of 

t h e  t r a n s m i t  ampl j - f ie r  and the.+\input of t h e  r e c e i v e  a m p l i f i e r  

are bo th  h igh  impeda.nce the  bus  v o l t a g e  i s  determined o n l y  

by t h e  bus  impedance. Thus ,  iqs terms of (he power d e l i v e r e d  
). -. 

. 
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' I  t o  t h e  e a r  t h e  g s i n  of t h e  transmi.t  a m p l i f i e r  can be ~ 

d e f i n e d  a s  GT + 20 l o g  R, where GT i s  a c o n s t a n t  (for a \ I  I 

g i ven  i n p u t )  and R i s  t he  combination of R, and n s t a t i o n s ,  

each of r e s i s t a n c e  Ra.  

c h a r a c t e r i s t i c s  f o r  n o i s e  r e j e c t i o n  t h e i r  g a i n s  i n c r e a s e  

Since both  a m p l i f i e r s  have expansion 

w i t h  s i g n a l  l e v e l .  f o r  s i m p l i c i t y  t h e  expansion i s  assumed 

l i n e a r  i n  dB, i . e . ,  GT = G 

GRo + kR ( s i g n a l  in), where kT arid kR a r e  c o n s t a n t s .  

' t he  capac i t ance  f o r  a moment, t h e r e f o r e ,  t h e  t o t a l  s i g n a l  

3 

+ kT ( s i g n a l  i-n) and GR = 
T O  

Ignor ing  

W U b ,  r \ , r t  s, fer an input S n  is: 

S = ( ( S O  + GN) kT + GTo t 20 log R - L) kR + GRo + GE 

The t o t a l  n o i s e  ou tpu t  i s  t h e  ( r m s )  combination of n n o i s e  

sou rces  of Na each f eed ing  t h e  bus through a hi.gh irupedance. 

Again ir! terms of t he  power d e l i v e r e d  t o  t h e  ea:', therefore, 

t h e  random n o i s e  ou tpu t  i s :  

N = (Na + 10 l o g  n + 20 l o g  R - L) kR + GRo -t- GE. 

The s i g n a l - t o - n o i s e  r a t i o  i s ,  t h e r e f o r e :  

S/N = kR ( ( S o  I- GM) kT + GTo - Na - 10 l o g  n )  

It should be noted t h a t  the  s i g n a l - t o - n o i s e  r a t i o  i s  not  a 

f u n c t i o n  of bus r e s i s t a n c e  R .  I f  t h e  use of new t r a n s d u c e r s  

w i t h  improved g a i n  i s  bala'nced by a lowered bus impedance s o  
! 

t h a t  t h e  ou tpu t ,  S, yemains c o n s t a n t  for a given  i n p u t ,  t h e  

s igna l - to-noi ' se  r a t i o  w i l l  i n c r e a s e  (i . e . ,  t h e  ou tpu t  n o i s e  

dec rease )  by: 
r 

b.. 

' t  
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I M I 
where G i  - G 

10 dB. 

1 .6  and 2 ,  a l though  BTL measurement.s on 1 imi t ed . samples  

show va lues  c l o s e r  t o  1 . 2 .  Using the  lower va lue ,  a 

n o i s e  r educ t ion  of about  14 dB would occur .  

i s  t h e  i n c r e a s e  i n  microphone e f f i c i e n c y ,  

The s p e c i f l c a t i o n s  c a l l  f o r  KT and KR of between 

Loudness r a t i n g  t h e o r y  p r e d i c t s  t h e  percel.ved 

1 ~ ~ 2 1  cf z r y  g i v e n  system accord ing  t o  t h e  r e l a t i o n s h l p  

where V i s  t h e  loildness ra t j -ng ,  and R ( f )  is t h e  f requency 

response between l i m i t s  f l  and f 2 .  With a bus r e s i s t a n c e  

R and capac i t ance  C ,  

3. 

Since  a c t u a l l y  c a r r y i n g  o u t '  the a.bove i n t e g r a t i o n  - 
i s  v e r y  involved ,  t h e  r a t i n g  V i s  most r e a d i l y  obtafned  by 

numerical  i n t e g r a t i o n .  The r e s u l t s  of such a n  i n t e g r a t i o n  

a r e  used i n  p l o t t i n g  Fig. 1. 
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